A peer-verified gas chromatographic (GC) method is presented for the weight percent (wt %) determination of acetochlor herbicide in technical and formulated products. During method development, the method was found to be rugged by the Youden Ruggedness Test. Two laboratories with experience in the wt % determination of acetochlor in various matrixes participated in this study. Each laboratory received 10 blind duplicate test samples of the following 5 matrixes: one acetochlor technical and 4, different, emulsifiable concentrate (EC) formulations-Harness ® EC (MON 5841), Harness ® Export/Fist (MON 8435), Surpass ® EC (HF), and Surpass ® EC (LF). Each participant was asked to make duplicate weighings of each of the test samples and to inject each test sample solution twice. All test samples were analyzed on the same day, and 8 data points (replicates) per matrix were obtained. The test samples were dissolved in acetone that contained dipentyl phthalate as an internal standard. They were analyzed by GC on a 15 m capillary column by using split injection and a flame ionization detector. Acetochlor (wt %) was determined by comparing the ratios of peak area of acetochlor/peak area of dipentyl phthalate internal standard obtained for the test sample and calibration solutions. Repeatability of the method, expressed as the within-laboratory (between replicates) relative standard deviation (RSD r ), was found to be 0.09-0.77% for the 5 matrixes. Reproducibility of the method, expressed as the within-test sample relative standard deviation (RSD R ), was found to be 0.18-0.78% for the 5 matrixes.
Summary of Results of Verification Study

Submitting Laboratory
Four different emulsifiable concentrate (EC) formulations with acetochlor levels of about 70-85% and one acetochlor technical formulation with an acetochlor level of about 95% were used. Two blind duplicate test samples of each matrix were sent to each participant for a total of 10 test samples. Duplicate weighings were made for each of the 10 test samples, and an aliquot of the contents of each vial resulting from the preparation of the test samples was injected twice. These injections resulted in 8 data points (replicates) per matrix. Results are presented in Table 1 .
Peer Laboratory
Four different EC formulations with acetochlor levels of about 70-85% and one acetochlor technical formulation with an acetochlor level of about 95% were used. Two blind duplicate test samples of each matrix were sent to each participant for a total of 10 test samples. Duplicate weighings were made for each of the 10 test samples, and an aliquot of the contents of each vial resulting from the preparation of the test samples was injected twice. These injections resulted in 8 data points (replicates) per matrix. Results are presented in Table 2 .
Scope
This method is intended for the wt % determination of acetochlor herbicide in technical and EC formulated products by capillary gas chromatography (GC 
Definitions
EC = emulsifiable concentrate; % w/w = weight percent = wt %; GC = gas chromatography; RSD = relative standard deviation.
Principle
A test sample of acetochlor herbicide is dissolved in acetone, which contains dipentyl phthalate as an internal standard. Acetochlor is separated by GC on a 15 m column and detected with a flame ionization detector. Wt % acetochlor is determined by comparing the ratios of peak area of acetochlor/peak area of dipentyl phthalate internal standard obtained for the test sample and calibration solutions.
Standards
Acetochlor Reference Standard Calibration Solution Preparation, 99.5% purity (available from Monsanto Co., 800 N Lindberg Blvd, St Louis, MO 63167), or equivalent, was used. Approximately 67.0 mg acetochlor analytical standard was weighed into a 28 mL, narrow-mouth, glass bottle. A class A volumetric pipet was used to add 20 mL dipentyl phthalate internal standard solution. The bottle was capped with a polyethylene-lined cap and shaken for several seconds by hand to mix. 
Test Sample Preparation
Acetochlor Technical Test Sample
Weigh ca 70.0 ± 0.1 mg technical test sample into a 28 mL, narrow-mouth, glass bottle. Use a class A volumetric pipet to add 20 mL dipentyl phthalate internal standard solution. Cap the bottle with a polyethylene-lined cap and shake bottle several seconds by hand to mix.
EC Test Sample
Weigh enough of the formulated test sample to contain ca 67 ± 0.1 mg acetochlor into a 28 mL, narrow-mouth, glass bottle. (This is ca 95 mg for the Surpass EC products, ca 90 mg for the Harness EC product, and ca 85 mg for the Harness Export product.) Use a class A volumetric pipet to add 20 mL dipentyl phthalate internal standard solution. Cap the bottle with a polyethylene-lined cap and shake bottle several seconds by hand to mix.
Storage
The solutions should be analyzed within 24 h of preparation.
Controls Preparation
None.
Procedure
Use the following GC conditions for the analyses: oven temperature program: initial temperature, 150EC; initial time, KAHN 2 min; program rate, 10EC/min; final temperature, 260EC; final time, 2 min; and total run time, 15 min; injector temperature, 225EC; detector temperature, 280EC; gas flow rates: helium carrier gas, 50 cm/s at 150EC; hydrogen, 30 mL/min; air, 350 mL/min; and nitrogen makeup, 30 mL/min; split ratio, 50:1; injection volume, 2 µL. Purify all gases through molecular sieves. Further purify the carrier gas (helium) through an oxygen trap. Figure 2 shows a typical gas chromatogram of an acetochlor EC formulation solution, obtained by using the above conditions.
Calculations
These calculations reflect the specific requirements of the data acquisition system used during method development. Other forms of this calculation may be used in different data systems and should give comparable results.
Acetochlor Response Factor
Calculate the relative response factor, RF, for acetochlor for each injection of the calibration solution as follows: where RF = relative response factor for acetochlor; I = area of the peak for the dipentyl phthalate internal standard in the calibration solution; W = wt (mg) of acetochlor reference standard in the calibration solution; P = purity (wt %) of acetochlor reference standard in the calibration solution; and A = area of the peak for the acetochlor in the calibration solution.
Average the RF values from multiple injections of acetochlor in the calibration solution to obtain the average relative response factor, RF avg , to use in the wt % calculations that follow.
Weight Percent
Calculate the wt % of acetochlor in each test sample as follows:
where wt % = wt % of acetochlor in the test sample; RF avg = average relative response factor for acetochlor; A = area of the peak for the acetochlor in the test sample solution; W = wt (mg) of test sample in the solution; and I = area of the peak for the dipentyl phthalate internal standard in the test sample solution.
Average the wt % results from multiple injections of each test sample solution to obtain the average wt % of acetochlor.
Test Results Report
The wt % acetochlor results from the submitting and peer laboratories are found in Tables 1 and 2 , respectively. AOAC INTERNATIONAL's statistical program AOACCYMP was used for all calculations and for outlier identification by Cochran and Grubbs single-value and Grubbs double-value tests. No data were eliminated from the data set by the Cochran test. The results of the interlaboratory study calculations are given in Table 3 .
Recovery Data
The accuracy of the method was tested by preparing Harness EC formulations with 5 levels of acetochlor. The test samples were prepared in duplicate and injected twice. The relative standard deviation (RSD) was calculated for each level. The levels covered a range of ± 50% of typical levels of acetochlor found in formulations as well as test sample matrix. Table 4 (99.92-100.06%) with no matrix interference. A plot of the laboratory-prepared test samples gave an R 2 of >0.9999, indicating a linear response for acetochlor.
Repeatability and Reproducibility Variance Data
The repeatability and reproducibility variances for the 5 matrixes are found in Table 3 . Repeatability, as defined by Youden and Steiner (1), is the "closeness of agreement between successive results obtained with the same method on identical test material and under the same conditions (same operator, same apparatus, same laboratory, and same time)." The repeatability standard deviations (s r ) for the 5 matrixes were 0.07-0.58. The repeatability relative standard deviations (RSD r ) for the 5 matrixes were 0.09-0.77%. Reproducibility, as defined by Youden and Steiner (1), is the "closeness of agreement between individual results obtained with the same method on identical test material but under different conditions (different operator, different apparatus, different laboratory, and/or different time)." The reproducibility standard deviations (s R ) for the 5 matrixes were 0.11-0. 58. The reproducibility relative standard deviations (RSD R ) for the 5 matrixes were 0.16-0. 78%.
As expected, the reproducibility results are larger than the repeatability results, because the reproducibility results include the variances under different conditions and the repeatability results include the variances under the same conditions.
Overall Conclusions
(1) The effect of laboratory was statistically insignificant; therefore, the overall mean of the submitting laboratory data is not different from the overall mean of the peer laboratory data.
(2) The repeatability and reproducibility standard deviations and relative standard deviations are acceptable for the 5 matrixes.
14 Quality Assurance
Instrument Testing
As part of the interlaboratory study, the participants tested their instruments by analyzing a test sample of known acetochlor concentration. Parameters, including integration parameters, were optimized to result in the known concentration of acetochlor in the test material. Repeatability criteria (RSD%) for duplicate analyses of the same test sample, using 2 preparations, were #0.7%.
Critical Points
During method development, it was determined, through ruggedness testing, that the wt % acetochlor values continue to increase for test sample solutions until the solutions are analyzed. Because of that testing, it is recommended that the solutions be analyzed as soon as they are prepared, and definitely within 24 h of preparation. The acceptable retention time range is ± 3% for the analyte and internal standard.
